Abstract-Nanosecond repetitively pulsed (NRP) discharges have been used for a broad range of applications, such as plasma-assisted combustion. In this paper, we use an NRP plasma discharge produced by electric pulses of about 10 kV during 10 ns at a frequency of 30 kHz to stabilize a lean premixed methane/air flame at atmospheric pressure. We show here that the plasma created in the recirculation zone allows the stabilization of the lean flame and a reduction of the lean extinction limit by about 10%-15%, using only a small amount of energy (the plasma power represents less than 1% of the power of the flame).
R
EDUCING pollutant emissions in combustion engines has become a major issue because of new environmental regulations. In a flame, the production of nitric oxides NO x is strongly related to the flame temperature [1] , [2] . Since this temperature is directly related to the fuel equivalence ratio Φ, one way to reduce this temperature is to burn the fuel in lean conditions [3] . However, in these conditions, the flame becomes unstable and can eventually extinguish. Thus, stabilizing the lean flame is an issue that needs to be addressed. A similar study was carried out previously in our laboratory with a premixed propane/air flame [3] . For many applications involving natural gas turbines, it is also important to understand whether the observed positive stabilization can be also obtained with a lean premixed methane/air flame.
In this paper, we are interested in the effects of the nanosecond repetitively pulsed (NRP) plasma discharge on the combustion. The plasma discharge is located in the combustion zone between the two electrodes. A bluff body (diameter of 10 mm) is used as a cathode and creates a recirculation zone. The space between the two electrodes is fixed at 5 mm. The premixed burner is presented in Figs. 1 and 2 along with its configuration. The flow rates of air and methane are controlled by Bronkhorst High-Tech EL-FLOW electronic flow meters.
A nonequilibrium NRP plasma discharge is produced by a FID FPG 10-30MS generator, between two electrodes. The electric pulse has a duration of about 10 ns and an amplitude of several kilovolts. Depending on the pulse voltage, we can obtain three different regimes: corona, glow, and spark [4] . The frequency is fixed at f = 30 kHz, which results in less electric power consumed by the plasma discharge as compared to a continuous discharge. Voltage measurements are made with a Lecroy PPE 20-kV high-voltage probe, and intensity measurements are made with a Pearson Electronics 6585 coil, with a Lecroy WavePro 7000 oscilloscope.
The higher the pulse voltage is, the more luminous and powerful the discharge will be. In this paper, only the spark discharge can stabilize a lean flame. There is a significant increase in the energy provided to the discharge at the transition between the two main regimes (glow and spark). However, even at the highest voltage allowed by the experimental setup, the energy provided to a single pulse is only 1.6 mJ, which corresponds to an average power of only 48 W at a 30-kHz repetition frequency. This represents less than 1% of the power of the flame.
By decreasing the fuel flow rate at a constant air flow rate, four flame regimes are observed before the flame blows out: 1) main regime: stable strong V-shaped flame; 2) intermittent flame; 3) totally unstable flame; 4) pilot flame (confined to the recirculation zone).
Finally, Fig. 3 shows the extended domain of flame stability when using the spark discharge. An 11% decrease in the lean extinction limit is obtained.
In conclusion, images of an experimental plasma-assisted combustion study have been presented. It has been shown that it was possible to stabilize the combustion of a lean premixed methane/air flame using NRP plasma discharges, with less than 1% of the power of the flame. These results are comparable to those obtained with a propane/air flame-study carried out by Guillaume Pilla-and are thus promising for industrial applications. 
